
Accelera tor  Department 
BROOKHAVEN NATIONAL LABORATORY 
Associated U n i v e r s i t i e s ,  Inc .  

Upton, L . I . ,  N.Y. 

AGS DIVISION TECHNICAL NOTE 

No. 57 

M. Fruitman 
December 9, 1968 

STATUS OF TJ3.E NEW FAST KICKER DESIGN 

I n  t h e  last  e i g h t  months cons ide rab le  evo lu t ion  has  occured on 

t h e  proposed Fas t  Kicker des ign  as previous ly  d iscussed  i n  E.B. Forsy th ' s  

Technica l  Note #23 of J u l y  25, 1966 and t h e  writer's Technical  Note #48 of 

March 28, 1968. Since t h i s  evo lu t ion  has  been t h e  r e s u l t  of both changes 

i n  requirements  and a c t u a l  i n i t i a l  t e s t i n g  on t h e  one-quarter  prototype,  

i t  seems a p p r o p r i a t e  t o  i s s u e  a new no te  a t  t h i s  t i m e .  

The Fas t  Kicker prev ious ly  descr ibed  contained t h e  a b i l i t y  t o  e lec t r i -  

c a l l y  sexect t h e  number of AGS beam bunches e j e c t e d  f o r  each Fas t  Kicker 

p u l s e  w i t h i n  t h e  l i m i t s  t o  one t o  four  bunches. This  f e a t u r e  has  been 

reviewed i n  d e t a i l  wi th  t h e  fol lowing conclus ions :  

0 

1. E j e c t i o n  k i cks  o f  t h r e e  and four  bunch width are  not  requi red .  

2 .  An e j e c t i o n  k i c k  two bunches i n  width may never be r equ i r ed ,  and 

i n  any case,  mechanical changeover i s  accep tab le .  

Therefore ,  t h e  requirement f o r  e l e c t r i c a l l y  a d j u s t i n g  t h e  p u l s e  length  has  

been suspended f o r  t h e  fo re seeab le  f u t u r e .  

designed t o  a l low f o r  t h e  a d d i t i o n  of  mechanical switching i n t o  t h e  double 

bunch p a t t e r n .  

w i l l  a l s o  be  included.  

However, t h e  system w i l l  be  

Manual switching i n t o  a f u l l  twelve bunch e x t r a c t i o n  mode 

The f e a t u r e  of m u l t i p l e  F a s t  Kicker pu l se s  f o r  each 
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AGS cyc le  i s  being r e t a i n e d  and, i n  f a c t ,  broadened t o  encompass t h e  

p o s s i b i l i t y  of pu l s ing  t h e  Pas t  Kicker up t o  twelve t i m e s  i n  each AGS 

cyc le .  Thus it w i l l  be  poss ib l e ,  as f a r  as t h e  Fas t  Kicker i s  concerned, 

t o  e x t r a c t  one pro ton  bunch up t o  twelve t i m e s  each AGS cyc le .  

The e l imina t ion  of  t h e  e l e c t r i c a l l y  v a r i a b l e  p u l s e  length  f e a t u r e  of 

t h e  Fas t  Kicker l e f t  t h e  " t a i l b i t e r "  c i r c u i t ,  which was proposed as a 

s o l u t i o n  t o  both t h a t  need and as a device  f o r  shor ten ing  t h e  p u l s e  f a l l  

t i m e ,  somewhat i n  limbo. It w a s  agreed t o  not b u i l d  t h e  " t a i l b i t e r "  i n t o  

t h e  o r i g i n a l  system bu t  t o  a l low f o r  i t s  p rov i s ion  i n  c a s e  t h e  f a l l  t i m e  

r equ i r ed  i t .  This  p rov i s iona l  d i sca rd ing  t h e . " t a i l b i t e r "  then  l ed  t o  

cons ide ra t ion  of a Blumlein c i r c u i t  which had been p rev ious ly  ignored, 

l a r g e l y  due t o  t h e  g r e a t  complexity of ope ra t ing  such a c i r c u i t  wi th  a 

" t a i l b i t e r "  conf igu ra t ion .  

The v i r t u e  bf t h e  Blumlein c i r c u i t  i s  i t s  a b i l i t y  t o  put  f u l l  p u l s e  

forming network (PFN) charging v o l t a g e  onto t h e  load,  i n s t e a d  of t h e  h a l f  

vo l t age  of t h e  convent iona l  PFN c i r c u i t .  

a 
Since PFN charging vo l t age  which 

i s  t h e  t h y r a t r o n  hold-off  vo l t age  has  been a l i m i t i n g  parameter,  and t h e  

Blumlein c i r c u i t  y i e l d s  t h e  equiva len t  of doubl ing t h i s ,  t h e  b e n e f i t  can 

b e  reaped i n  s e v e r a l  ways. But due t o  t h e  l i m i t a t i o n  i n  a v a i l a b l e  cab le  

impedances and t h e  small safecy  f a c t o r  ehe previous  c i r c u i t  al lowed i n '  

r i se  and f a l l  t i m e s ,  i t  seems most advantageous t o  t a k e  t h e  b e n e f i t  l a r g e l y  

i n  rise and f a l l  t i m e  by inc reas ing  t h e  load impedance from 7 t o  14 ohms. 

Th i s  r educ t ion  i n  r ise and f a l l  t i m e  could be  somewhat t raded-off  by 

inc reas ing  t h e  magnet length ,  which w a s  reduced i n  t h e  former des ign  t o  

favor  r ise t i m e .  This  could,  i n  t u r n ,  a l low a s l i g h t  i nc rease  i n  a p e r t u r e  

h e i g h t ,  which i s  now des i r ed ,  and a s l i g h t  decrease  i n  t u b e  c u r r e n t .  

Details of t h e s e  t r a d e - o f f s  w i l l  be  determined a f t e r  tube  c h a r a c t e r i s t i c s  
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are more c l e a r l y  de f ined  by p ro to type  ope ra t ion .  

U n t i l  l i f e  tests are run,  t h e  tube  c u r r e n t  remains a n  inde te rmina te  

l i m i t .  One requirement o f  t h e  Blumlein c i r c u i t  i s  double  t h e  tube  c u r r e n t .  

Th i s  requirement i s  be ing  m e t  by a n  e f f o r t  t o  use  two tubes ,  one on each 

of  t h e  two PFN cab le s ,  bu t  tes ts  w i l l  be  run  on t h e  p ro to type  us ing  only  

one t u b e  t o  eva lua te  t h a t  cond i t ioh ; -  Even i n  t h e  c a s e  of  two tubes ,  how- 

ever ,  t h e  complexity i s  not  s eve re  s i n c e  a l l  power s u p p l i e s  and t r i g g e r s  

f o r  t h e  two tubes  can be  common. 

Some o p e r a t i o n a l  exper ience  us ing  t h e  Blumlein c i r c u i t ,  as shown i n  

t h e  accompanying ske tch ,  h a s  been accumulated on t h e  p ro to type  se t -up .  

The p ro to type  i s  designed t o  c l o s e l y  s imula t e  one of t h e  four  c i r c u i t s  

u l t i m a t e l y  r equ i r ed .  Operat ion,  so f a r ,  has  been i n  a i r  t o  s impl i fy  modif i -  

c a t i o n s ,  and has ,  t h e r e f o r e ,  been l i m i t e d  t o  30 kV due t o  corona. Osc i l l o -  

scope photos  (see las t  page) of  t h e  c u r r e n t  i n  t h e  s imula ted  magnet, a 

1.2 microhenry choke, show e x c e l l e n t  r e s u l t s  f o r  r ise  and f a l l  t i m e s  when 

peaking c a p a c i t o r s  are used t o  h e l p  shape t h e  p u l s e  be ing  t r a n s m i t t e d  down 

t h e  t r ansmiss ion  l i n e  s e p a r a t i n g  t h e  tube  and PFN from t h e  magnet and load.  

Th i s  p ro to type  c i r c u i t  h a s  now been modified t o  use  two swi tch tubes .  

P r e p a r a t i o n s  are now being made t o  a t tempt  f u l l  v o l t a g e  ope ra t ion .  

It should b e  noted t h a t  t h e  p re l imina ry  o p e r a t i o n  took p l a c e  wi th  t h e  

magnet s epa ra t ed  from t h e  load r e s i s t o r  by 60 f t  of  t r ansmiss ion  l i n e .  This  

i n f e r s  t h e  p o s s i b i l i t y  o f  l eav ing  t h e  load r e s i s t o r s  i n  t h e  FEB b u i l d i n g  

and t h e  p o s s i b i l i t y  of  removing t h e  o i l  con ta ine r  which they  r e q u i r e d  from 

the r i n g .  
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Summary o$ Revised S p e c i f i c a t i o n s  

Nominal d e f l e c t i n g  fo rce ,  maximum: 

Nominal f l u x  d e n s i t y :  

Operat ing v o l t s  f o r  nominal d e f l e c t i n g  
f o r c e  : 

R i s e  t i m e  ( g o  1% o f - p e a k  ampli tude)  

Base l i n e  t o  base  l i n e  p u l s e  wid th :  

F l a t  t op  l eng th :  

Maximum number of  f a s t  k i c k e r  p u l s e s  
f o r  AGS c y c l e :  

Minimum t i m e  between pu l ses :  

Magnet a p e r t u r e  : 

Magnet length ,  t o t a l  o f  f o u r :  

P o l a r i t y  : 

F i e l d  s t a b i l i t y :  

P u l s e  f l a t  t o p  r i p p l e ,  max: 

Number of  magnet s e c t i o n s :  

Number of  swi tch tubes  : 

Def lec t ing  f o r c e  c o n t r o l ,  p a r t i a l  
e x t r a c t i o n :  

2 00 kG- cm 

1312 Gauss 

105 kV 

190 ns  maximum 

420 ns maximum 

30 ns  minimum o r  2.7 microsec.  
(manually switched)  

S i n g l e  bunch e x t r a c t i o n  - 12 
F u l l  e x t r a c t i o n  - 1  

S i n g l e  bunch e x t r a c t i o n  - 100 msec 
- 500 msec F u l l  e x t r a c t i o n  

7.00 cm high  x 15.25 cm wide 

152.5 cm 

Rever s ib l e  i n  8 hours  

1% 

1% 

4 

8 

Each p u l s e  i n d i v i d u a l l y  programmable 

D i s t r :  Department Adminis t ra t ion  
AGS Div i s ion  S t a f f  
Conversion Elec t r ica l  S t a f f  



500 amps/cm 100 ns/cm 

20 kV 

Magnet c o i l  c u r r e n t  monitored by Pearson  t r a n s f o r m e r  

Blumlein c i r c u i t ,  two t u b e s ,  14 ohm load ,  g a t e d  dc  

w i t h  c a b l e  s h i e l d  waveform a l s o  shown. 

supply ,  magnet c o i l  i n  c e n t e r  of 120 f t  o f  t r a n s m i s s i o n  
l i n e .  
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